Optical computing has been an active topic of research for over seven decades, although solutions have been elusive. This special issue explores recent advances in all-optical information processing, including digital and analog, classical and quantum, and those based on Turing, neuromorphic, and metaphoric models of computation.
This issue includes papers on both digital and analog data representations using both classical and quantum mechanisms. They span the variety of computational approaches, including traditional TMs, brain-inspired neuromorphic systems, and analogy-based models recently known as metaphoric computing.
Touch et al. [13] discuss classical digital optical computing and explore how information encoding encoded for long-distance transmission affects the potential for in-transit computation. They introduce the Optical Turing Machine, which requires nanophotonic implementation to integrate its computational devices composed of wave mixing, pump generation and filtering.
Krovi [14] explores the potential and limitations of optical quantum computing, including both the circuit and cluster state implementation approaches, as well as the impact of information encoding on computation. They also explore various models of quantum computation, including intermediate, adiabatic, and analog quantum computing, using the impact of the solution on computational complexity as the basis of comparison.
Davis et al. [15] discuss the role of plasmonic devices and circuits, an intermediate form between electronics and optics that integrates interesting properties of both. Plasmonics may be especially important in supporting the high bandwidths of optics with the ability to manipulate information and ease of integration of electronics.
Van der Sande et al. [16] explore the potential of neuromorphic optical computing, emulating aspects of neural networks in native optical processes. They focus on a particular variant known as the reservoir computer, which may avoid the need for explicit training by using a large system of hidden nodes with somewhat arbitrary interconnection.
De Lima et al. [17] explore the use of photonic processing as an analog computer for neuromorphic (brain-inspired) computing. They focus on the development of a processing-network node, a fundamental unit of computation in such a system and compare the properties of optical and electronic approaches to these devices.
Parihar et al. [18] explores the optical computing using coupled oscillatory dynamical systems, an example of metaphoric computing (computing by metaphor). This approach leverages the native optical processing of a set of interconnected optical devices to solve computationally hard problems. Their approach is presented in terms of insulator-tometallic devices, but they also show how this approach can be translated to all-optical systems.
Tate and Naruse [19] explore the way in which nanostructure design can provide information security using the artifacts of fabrication. This technique can be used to store and retrieve data without the need to process data in the information domain, enabling more efficient security for optical processing.
These papers, as well as presentations and publications at other events in the past few years, indicate that the resurgence of optical computing is based on a convergence of changes: a change in the approach to computing (including quantum, dataflow, and neural architectures), a change in the algorithms of interest (focusing on communications, non-annealing relaxation, and metaphoric), and a change in the optical mechanisms being leveraged (wave mixing, entanglement and plasmonics).
Together, these changes define a new direction for the future of optical computation, one of specialization -of architectures, algorithms, and mechanisms. Some of these have been explored individually, but we are beginning to see a new "legacy free" era of investigation. This convergence, together with emerging approaches to high-density integration, is just the beginning of what we hope will be a renewed opportunity to create a collaborative community to explore the rich potential of optics to support new capabilities in computation.
